INTRODUCTION
Over the past few years, Mossbauer spectroscopy has become a useful tool to study the chemical and magnetic properties of lnagnetic pigments. Several investigators, for example, have studied the spin orientation.' These studies are instigated by the fact that the orientatiou of the magnetic elements is one of the fundauleutal parameters affecting the recording characteristics of a maguetic storage medium. Attempts to model the orientation and the distribution of the magnetic easy axis have been done only with ad hoc functions for the m a g n e t i z a t i o~~.~.~ Mossbauer spectroscopy can be used to measure the distribution function in all applied field or in "zero" field, but previous work in this area suffered from improper interpretation of the data. Recently, we presented a scheme for better understanding of the spin-orientation of coated films4 and here we extend our work and explore connections between Mossbauer and magnetization results. We also study the effect of long range magnetic correlations on the spiu orientation of the medium.
THEORETICAL ANALYSIS
It is well known that Mossbauer spectra for iron-bearing luagnetic compounds provide a description of spin-orientation with respect to the y-ray propagation direction. In the absence of quadrupole interactions, the Fe spec.trun1 is symmetricd, containing six lines 11 = 1... 
(1)
Here s is the absorber thickness, and the absol;ption coefficients p a , are related to the angle 71 between the y-ray path and the magnetization 1-11 : 1-12 : p3 (1 COS'(^)) : 4sin2(q) : 3(1 COS'(^)) ( 4 After obtaining P ( Q , $), the angular dependence of the M ( H ) loop can be analyzed in terms of P ( c Y ,~) .
M ( H , e , 4) = / m?"(H, 0, 4)P(a,P)d%p
where mY" (H, 8,d ) is the magnetization of the i ' " particle, measured at angles (e, 4) when its axis is in direction (a,p) (see Fig.1 ). Also the squareness of the magnetization loop can be written as
Here ~(~, j ( @ ,
4)
is the squareness of a single magnetic element which may be expressed in terms of a theoretical model. This single element may or may not be an individual particle, as interactions may cause several particles to behave as a composite.
As an example, consider particles, with cylindrical symmetry and squareness
given in terms of particle fixed axis (e', 4'). Using the addition theorem, we transform to the (6, 
7P1
For a system with a general spin Previous work in this area misinterpreted the quantity < cos2(q) > and used it to obtain the average value of q ignoring the distribution function P(0, 4) of the spiu orientation. Also, previous work failed to account for important effects of spectral line saturation. This resulted in a faulty interpretation of several excellent experiments"'.
To obtain the, spin distribution P ( e , 4 ) we express it in terms of the spherical harmonics and use the Mossbauer data to obtain the coefficents Corresponding expressions for S(6',$) in the x-y aud y-s planes can be easily obtained in terms of the orientation and squareness. For t,he nol~-aricular particles, the spin alignment is expected to be along the loug axis of the particle or perpendicular to it. Therefore, these particles could support both longitudinal and vertical r e c~r d i n g . '~.~~ Indeed we found that from lneasuremeut of the M(H) loop, the squareness S(e, 4) of a film of well-dispersed semi-isotropic particles vary by not more thau 3% wit11 film orientation, thus supporting the expectation that the system is almost fully isotropic. However, we find that the spin distribution is field history depew dent. One convenient way to demonstrate this effect is to plot < cos3(q) >.
These plots, Figs 3-5, show the angular variatiou of the spins after the sanlple is exposed to an applied field. In examining this data one should keep in mind that for a random spin < cos2(q) >= 0.33, and that a larger or smaller value indicates a preferential orientation perpelldicnlar or parallel to the y-ray path respectively. When the field is applied along the x-direction, we find < c o s 3 (~~) > has a minimum value of about 0.2.5 in the yz plane (Fig.3a) indicating a good alignment of spills dong the field direction. As we move away fro111 this direction into the xz plane (Fig.4a ) and the xy plane (Fig.Ba) , we find similar spin distributions, with some degree of orientatiou . cos'(9) >, but the Mossbauer data distinguish between two different spin stribution for which the lnagnetization data indicate similar orientation tios. Future work will extend these analysis to platelet type particles.
